UNCLASSIFIED

AD NUMBER

AD905591

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; 4 Dec
1972. Other requests shall be referred to
Naval Air Systems Command, Air-50174,
Washington, DC 20360.

AUTHORITY

Naval Air Systems Command 1ltr, 30 Oct 1975

THIS PAGE IS UNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
i7S USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED iR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED,



o

>

[ R

3

HORDE

AU

T
TATL

N

U

Ml
and

TON

or
E NAVY
Comm

£
NT OF TH

S

PROGRAM

NVII
PARROW
5

PORT

THI

-
]

S
G

ed
tem

S

LA

G WIN
ar

}f

'Washington,
NO0OO19-70-C-0102

OR

r
O Sk

FOLDIN

ME

TEST RI
Prep

'l\

ir

RAL AND |

1
4

NAT
DEPAR

TRUC'TU
Naval A

S
Contract No.

=

Moo

Fe
P4




Model No.
Sea Sparrow

Report No.
BR-6253

Prepared by:

Approved by:

Approved by:

Approved by:

ABS TRACT

RAYTHEON COMPANY

MISSILE SYSTEMS DIVISION

BEDFORD, MASSACHUSETTS

Contract No.

NO0OQO19-70-C-0102

STRUCTURAL AND ENVIRONMENTAL

TEST REPORT

FOR THE

NATO SEA SPARROW

FOLDING WING PROGRAM

Date
August 1972

F. L. Cramer

Static structural, dynamic structural and
environmental tests were conducted on the NATO
Folding Wing Assembly and Torsion Bar. The Fold-
ing Wing Assembly and Torsion Bar successfully
withstood structural and environmental tests which
were conducted under this programe

UJMZ /> &"ﬁfyg

DISTRIBUTICN LIMITED TOU. 3

GOVERNMENT AGIINCIFS CULY ¢

) T TOREIGN Yura™ripy

! DP""U“\TT”' SV T e ey

/ TEST AND ¥y friee~rose
COu.u..inR e o

DATE: A—H —e

OTHCR REQUESTR Ty Trror mar

MUST BI RELTRRED 70 10, T

) &VAL AIRSYSTINS C ‘.‘"..”3- A AT

‘3017[_/




H
|
!
]
!

ENGINEER g, Younis | RAYTHEON COMPANY [PAGEN i
MISSILE SYSTEMS DIVISION REPORT NO. BR-6253
i @ 00 Aprdl 19 Stiuct, & Envik. Teat Report | @h&m 9
i
;
%
TABLE OF CONTENTS 1
& Page
E List of Reference Drawings ii
g List of Reference Documents iid
: Introduction 1
= Object 3
E_ Summary 3
- Folding wing Assembly Sketch 4
? Section 1 Structural Static Tests 1.0.0
Section 1.l Critical Loading Survey 1.1.0
Section l.2 8tatic Load Test No. 1 1.2.0
Section 1.3 Static lLoad Test No, 2 1.3.0
Section 1.4 Torsion Bar Endurance and 1.4.0
Relaxation Tests
Section 1.5 1Influence Coefficient Study 1.5.0
Section 2 Structural Dynamic Test 2,0,0
Random Vibration Test 2,0, 1 ’
§ Section 3 Environmental Tests 3.0.0
»}' Section 3,1 Shipboard Storage Environment Test 3.1.0 i
I+ Section 3.2 Temperature-Humidity Test 3.2.0
kg Section 3.3 Salt Spray Test 3.3.0
o Section 3.4 Sand and Dust Test 3.4.0
%‘ Section 3.5 1Ignition Impulse Tests 3.5.0 ‘
f¥; aAddendum A.0.0
% Introduction A,Ll.0 .
. Environmental Tests A.2.0 ‘
b%{ Torsion Bar Endurance Test A.3.0
¥ 1
§ *
¢ 4
L |
1
Form No., V«1028




ENGINEER J. Younis R AYTH EON COM PANY PAGE NO. i1

L MISSILE SYSTEMS DIVISION REPC:RT NO. BR-6253

o BRTE 71 107z I . MODEL KO, _
4

LIST OF REFERENCE DRAWINGS
, Ref, Item Drawing No. Rev,
- a Wing Assembly, Guided E361lASll3 o]
! Missile, Folding
) b Torsion Bar, Hinge D361A8100 B
’ ¢  Wing Assembly, Guided E361AS134 0
| Migsile, Folding
Y
d fTorsion Bar, Hinge D361AS136 0

S e

TP T 1 T TR T (wamiene one L e g ne e . R . .

¥ Form No., V-1028

et TR RIS EAD A 34 S VPRI AR o7




ENGINEER J. Younis RAYTHEON COMPANY PAGE Ni’ 141
[REPORT NO. a

..!'SMLE SYSTEMS DIVISION BR~6253
MODEL NO.

1 DATE  April 1972 Struct, & Envir, Teat Report sea Sparrow

LIST OF REFERENCE DOCUMENTS

% 1. Raytheon (Bedford) Report BR~5759, "Structural Test

' Plan Report For The NATO Sea Sparrow Folding Wing
Program" dated March 1970 (Unclassified)

2. Raytheon (Bedford) Report BR-5874, "Environmental
Test Plan Report For The NATO Sea Sparrow Folding
Wing Program" dated August 1970 (Unclassified)

3. Raytheon (Bedford) Memo No. SM 70-230, "NATO Sea
Sparrow Wing Loads" dated ll September 1970
(Confidential)

4, Raytheon (Bedford) Aerophysices Memo No. HT-041-68,
"Sea Sparrow Folding wing Thermal Analysis" dated

( 28 February 1968 (Unclassified)

5. "Aerospace Structural Metals Handbook" AFML-TR=-68~115
Volume II, 1971 Publication, Mechanical Properties
Data Center, Belfour Stulen, Inc., Alr Force Materials
Laboratory, Air Force System Command, Wright-Patterson
Air Force Base, Ohio

6. MIL~-STD-810B, "Military Standard -~ Environmental Test
Methods" dated 18 Sept. 1970

7. Fedaral Test Method Standard No. l5la "Metals; Test
Methods" dated & May 1959

8. Raytheon (Bedford) Memo No. SM 70-228, "NSSMS GMLS
Category I Test Plan'" dated 8 September 1970
(Unclaseified)

9. Raytheon (Wwayland) Report CDRL DSN 086, "NSSMS 4
Category I Test Plan" dated ll December 1969
(Unclassified)

s R R T R "=l T T

Form No, V-1028




r . . - B L R et R T PR

ENGINEER 1 ot | RAYTHEON COMPANY [PAENO
MISBILE BYSTEMS DIVISION [REPORT NO. AR5
o f WODEL NG,
: ( DATE April 1972 Struct., & Eavir. Test Ranart GDEL NO Sea.Sparrow
) -

INTRODUCTION

This test report presents the results of the
structural and environmental tests performed under
the Navy Contract No. N000l9-70~C=0102, NATO Sea
Sparrow Folding Wing Program. !

The test program, as outlined in the Raeference (1) *
and Reference (2) documents consist of the following
b structural static tests: a critical loading survey,

a static load test, torsion bar endurance and relaxa-
tion tests and an influence coefficient study:; of the
’ @ following structural dynamic tests: a random vibration
test and a wing ground vibration survey: and of the
following environmental teats: a shipboard storage
environment test, a temperature-humidity test, a salt
spray test, a sand and dust test, ignition impulse
tests and shipboard vibration and shock tests. i

This report does not contain the results of the
wing ground vibration survey and the shipboard vibra- ‘
, tion and shock tests. The results of the wing ground !
L f vibration survey have been included in the Flutter

Analysis Report (BR~-6352), and the shipboard vibration
T and shock tests, as stated in the Reference (2) document, 1
are to be conducted and reported in conjunction with the !
N8SMS GMLS Launcher Qualification Program as outlined in the ‘
Reference (8) and (9) documents.
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T INTRODUCTION (continiad) 4
r The tests reported herein were conducted be-
,l : tween September 1970 and January 1972, in the _ {
) o
L L Structural and Environmental Test Facilities of the *
L . Raytheon Mechanical Systems Laboratory at Bedford, .
A

Mass, and at the Raytheon Environmental Test Fecility |
at Andover, Mass,
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:

; 1

OBJECT

The okject of the tests was to verify the folding

wing design when exposed to the structural and en-
: vironmental test conditions specified in the Refer- )
o : ence (1) and (2) documents., A sketch of the test
g article is shown in Figure 1 on page 4. J

SUMMARY

The References (a) and (b) Folding Wing Assenbly
and Torsion Bar, the three modified Folding Wing
Assemblies each of which contained a torsion bar of
; a different diameter, and the References (c) and (d)
| modified Folding Wing Assembly and Torsion Bar success-
fully withstood the structural and environmental tests
which were conducted under this program.
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STRUCTURAL STATIC TESTS
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SECTION 1,1

’ : CRITICAL LOADING SURVEY
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CRITICAL LOADING SURVEY
OBJECT

The object of this survey was to determine which
condition of lock pin engagement produced the most
severe stress levels on the inner panel of the folding
wing.

CONCLUS ION

It can be concluded from the xesults of thia
survey that the most severe stress field on the inner
panel of the folding wing was experienced with the aft
locking pin engaged and the forward locking pin dis-
engaged,

DESCRIPTION OF TEST ARTICLE

The Folding wWing Assenmbly used for this survey
conformed to the reference (a) drawing. The inner
wing section of the assembly is a castling fabricated
from AMS 4229 aluminum~alloy (KO=-1l) tempered tc a T7
condition. The outer wing section of the assembly is
a casting fabricated from A356 aluminum-alloy tempered
to a T6 conditioen,

INS TRUMENTAT ION

A photocelastic coating was formed and then bonded
to one side vf the inner wing section of the test
article. That coating made it possible to observe
and to obtain photographs of the surface stress dis-
tribution in the ~oated area when viewed through a
polariscope, Surface stress levels, at specific

Form No. V-1028
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Y

locations, were accurately measured by determining the
exact nunber of fringe lines, A fringe line, which was
S dependent upon the sensitivity of the photoelastic coating
' ; used, represented a pre~calibrated stress level of approxi-
mately 12,500 psi, X |

LOADING AND RECORDING APPARATUS

' INSTRUMENTATION (continued) - JW

wmdagm

o Retbirres

b The load was applied to the test article, through
: suitable loading linkages, by a hydraulic cylinder acw
' . tivated by a hydraulic hand pump. The load developed
[ : was measured and recorded with a Baldwin-Lima-Hamilton

’ i electric load cell and load recordar combination.
s
N LOADS

A single load was applied to the outer wing section
of the test article at the location shown in Figure 2
on page l.l.5. That load was obtained from the Reference
(3) document.' ' o 1

B s T T

‘The test article was loaded only until the developing 3
stress pattern- as viewed through the polariscope, could ‘
be evaluated, The same load level was applied for all
surveys. ‘

™ T T

L e 2 g T T
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TEST ARRANGEMENT

- The test arrangement shown in Figure 2 on page l.l.5,
S shows the method used in supporting the test article.
The test article was secured to a test fixture which
contained an actual AIM-7E missile wing shaft assembly.
That test fixture was mounted to a rigid test bulkhead.

o e i em

The test article was mounted with the ghord planes
of the wing in the vertical position. That test arrange-
ment simplified the test instrumentation setup for 1
viewing and photographing the coated area of the wing.

.'
|
)
r
i The test load was applied through a counter=balanced
’ : whiffle-tree arrangement with a point contact load

T T

; ( at the location shown in Figure 2 on page 1l.l.5. A

; photograph of the test arrangement is shown on page

| l.1.6.

t, . TEST PROCEDURE ' *
o f

1 Three surveys were conducted, each with a diff-

t H erent lock pin engagement,

L

: In Surv;y No. 1, the forward locking pin was dise
engaged and the aft locking pin was engaged. A single
load was applied to the outer wing panel, and slowly
increased until the stress in the inner panel was of
sufficient magnitude to produce patterns in the photo=-
elastic coating that could be confidently evaluated.

In Survey No, 2, the forward locking pin was engaged
-$ and the aft locking pin was disengaged. A single load
was applied in the same manner and of the same magnitude
ag in Survey No. 1. b

Form No, V=-1028 1
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TEST PROCEDURE (continued)

In Survey No. 3, both locking pins were engaged,
and a single load was applied in the same manner and
of the same magnitude as in Survey No. l.

TEST RESULTS

Survey No. 1 (Aft pin engaged, forward pin disengaged)

The streks pattern had sufficiently developed when a
load of 450 lbs, had been applied. A photograph of the
stress pattern at that load level is shown on page l.l.7
and the measured stress level at the aft corner, adjacent
to the aft pin of the inner wing panel was 49,750 psi.

Survey No. 2 (Forward pin engaged, aft pin disengaged)
A photograph of the stress pattern at an applied
load level of 450 lbs. is shown on page 1.1.8, and the
measured stress level at the forward corner adjacent
to the forward pin of the inner wing panel was 42,500 psi.

Survey No, 3 (Both pins engaged)

A photograph of the stress pattern at an applied
load level of 450 lbs. is shown on page l.1.9. The
measured stress level at the forward corner of the inner
wing panel was 24,250 psi. The measured stress level
at the aft corner of the inner wing panel was 26,000 psi,
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STATIC LOAD TEST NO, 1
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STATIC LOAD TEST NO, 1

OBJECT W

The object of this test was to determine the
failing strength of the folding wing with only the J

aft locking pin engaged, the most critical condi- |
tion as determined from the critical loading survey.
CONCLUS TON ﬂ

It can be concluded from the results of this
test that the folding wing tested, with only the
aft locking pin engaged, failed at 129% of the
temperature corrected design limit load.

DESCRIPTION OF TEST ARTICLE

The Folding wWing Assembly used for this test {
conformed to the Reference (a) drawing. 'The inner J
wing section of the assembly is a casting fahricated
from AME 4229 aluminum-alloy (KO=1) tempered to a ‘
T7 condition. The outer wing section of the assenbly
is a casting fabricated from A356 aluminum-alloy tempered
to a T6 condition.

INS TRUMENTATION

Deflections of the test article were measured at ]
the locations shown in the sketch of the test arrangew !
ment in Figure 3 on page 1,2.6, and in the sketch in o
Figure 4 on page l.2,7. |

Research Incorporated linear displacement trans-
ducers were used to monitor deflections. A B&F Digital
Data Acquisition System was used in conjunction with the {
linear displacement transducers to record the deflection
data.
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LOADING AND RECORDING APPARATUS

The loads were applied to the test article
by the use of a whiffle-tree arrangement, which
appropriately distributed to the wing the total load
that was applied at one common point by a hydraulic -
cylinder activated by a hydraulic hand pump. The '
load developed was measured and recorded with a Baldwine~
Lima~-Hamilton electric load cell and load recorder com-
bination.

LOADS AND TEMPERATURE

The loads were applied to the test article at
the locations shown in the aketch of the test arrange-
ment in Figure 3 on page l.2,6, and in the sketch in
Figure 5 on page 1.2.8. The design limit loads at
those locations are shown on page l.2.8, also., Those ‘
load values and locations, which simulate the airload - ‘ ‘
distribution, both chord-wise and span-wisa, on the

folding wing, were obtained from the Rreference (3)
decument, . -

The static load test was conducted at room
temperature., The in=flight temperature at the max-
imum thickness area of the outer panel of the folding ‘
wing is 159°F, as shown in the Reference (4) document.
That location where the aft locking pin engages the
outer panel, analytically is the most critical area. To )
reflect the degradation on the material properties of -
the outer panel, the applied loads were increased by 6%
as shown in the Reference (5) document,

Form No. V1028
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JTEST ARRANGEMENT

The test arrangement shown in Figure 3 on page
1.2.6, shows the method used in supporting the test
article, The test article was secured to a test fixture
which contained an actual AIM=7E missile wing shaft
assembly. That test fixture was mounted to a rigid test
bulkhead.

The test article was mounted with the chorad
planesof the wing in the horizontal position. That
test arrangement simplified the setup for the instru~
mentation and the loading linkages.

The test loads consisted of eleven concentrated
loads which were connected to a common load point
by means of a whiffle-tree arrangement as shown in
the photographa of the test arrangement on pages 1.2.9,
and 1.2.10,

To apply the loads to the folding wing, steel
wire cables with swaged balleend fittings on one end
were used., Those wire cables were passed through
heles which were drilled in the folding wing at the
load points. A apherical ball end-mill was used to
countersink one gide of the holes. Those holes were
small and had a negligible effect on the strength of
the folding wing. The load on the outer panel of the
folding wing was muoh greater than the other indivi-
dual loads, and to prevent any local failure at that
point, & 2~inch diameter steel pad with a rubber washer
was used to distribute that load.
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TEST PROCEDURE

The loads were applied to the test article in
accordance with the loading schedule shown on the
data sheets on pages 1,2.13 and 1.2.14, and deflec-
tiony were recorded at each increment of load. At
selected load levels, the load was reduced to a
base reference load, and deflections were recorded
in order to insure that no anomallies occurred during
test.

TEST RESULTS

The folding wing, with only the aft locking pin
engaged, failed at 129% of the temperature corrected
design limit load, as the outer panel ruptured in the
area of the aft locking pin engagement, The values
at failure for the shear and bending moment at the root
of the folding wing were 3020 lbs. and 22,640 ine1lbs,,
cespactively. Photographs of the faillure are shown on
pages 1l,2.11 and 1,2.,12,

A table of the raw daflection data 1s shown on page
l.2.13, and a table of the corrected deflecticon data
is shown on page l.2.14. That corrected deflection data
reflects the actual deflaction of the folding wing
using the deflection location point 14 as a zero refer-
ence point, thereby eliminating fixture movement. Also,
10% design limit load (temperature corrected) is used
as zero deflection hecause the dead weight of the test
fixture loading linkages prevent obtaining an accurate
zero load reading,

& . oo
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TEST RESULTS (continued)

: Curves of % Limit Load vs, Deflection are shown

on pages 1.2.15, 1l.2.,16, 1.2.17 and 1.2.18, Curves

:_ for deflection location points ll, 12 and 13 were not

: plotted because of the extremely small wing movement

= at those locations. ’

B Span~wise deflection curves for selected per-

& centages of limit load are shown on page 1.2.19.
’; Those curves give a clearer indication of how the

i folding wing reacts undsr load with only the aft

y locking pin engaged. As is evident from the curves,
'% there is a rotation, about the hinge center line,

: - of the outer wing panel in respect with the inner

& (\. wing panel,
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STATIC ILOAD TEST NO, 2
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STATIC LOAD TEST NO, 2

OBJECT
The object of this test was to determine the

failing strength of an additional folding wing with
only the aft locking pin engaged, the most critical
3 condition as determined from the critical loading |
\ survey, and to obtain rhotographs showing the general
overall pattern of how the stresses developed through-
out the inner wing panel.

CONCLUSION

Gragadid v oy et s e

It can be concluded from the results of this

} test that the folding wing tested, with only the

: aft locking pin engaged, failed at 122% of the tempera-
ture corrected design limit load.

DESCRIPTION OF TEST ARTICLE . A
The Folding Wwing Assenbly used for this test con- '

formed to the Reference (a) drawing, and is the same
o folding wing used for the critical loading survay.

) INSTRUMENTATION
3 The folding wing had a photoelastic coating on

the inner wing panel bonded during the previous
critical loading survey. That coating was cbserved
and photographed at specific load levels to ohtain
the general overall stress pattern of the inner wing

panel,
ADIN RECORDI U
%5 The loade were applied to the teat article by

the use of a whiffle-~tree arrangemeiit, which appro-

Form No. V=1028
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LOADING AND RECORDING APPARATUS (continued)

priately distributed to the wing the total load that
was applied at one common point by a hydraulic cylinder
activated by a hydraulic hand pump. The load developed
was measured and recorded with a Baldwin-Lima-Hamilton
electric locad cell and lead recorder combination,

LOADS AND TEMPERATURE |

The loads were applied to the test article at
the locations shown in Figure 6 on page l.3.5. The
design limit loads at those locations are shown on
G page 1.3,5, also. Those load values and locations,
i . which simulate the airload distribution, both chord-
& ‘i?‘ wise and span-wise, of the folding wing, were ob-
tained from the Reference (3) document.

The atatic load test was conducted at room
tamperature. The in-flight temperature at the j
maximum thickness area of the outer panel of the '
folding wing is 159°F, as shown in the Reference (4)
document.. That location, where the aft locking pin
engages the outer panel, analytically is the most
critical area. To reflect the degradation on the
material properties of the outer panel, the applied
loads were increased by 6% as shown in the Referance
(5) document,

TEST ARRANGEMENT. 4

The test arrangement shown in Flgure 6 on page
1,3,5, showa the method used in supporting the test
articla., The test article was secured to-a test
fixture which contained an actual AIM-7E missile wing
shaft assembly. That test fixture was mounted to a
rigid test bulkhead.

8
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TEST ARRANGEMENT (continued)

The test article was mounted with the chord
planes of the wing in the vertical position. That
test arrangement simplified the teat instrumentation
LE setup for viewing and photographing the coated area
of the wing.

, ..
e v s oo -

!

—~

i The test loads consisted of eleven concentrated
loads which were connected to a common load point by
é means of a counterwbalanced whiffle-tree arrangement
; as shown in the photograph of the teat arrangement
i on page l.3.6.
§ To apply the loads to the folding wing, steel
’f , wive cables with sawaged ball-end fittings on cne end
: ( were usaéd, Those wire cablus were passed through
holea which were drilled in the folding wing at the
load points. A spherical ball end-mill was used to
countersink one side of the holes, Those holes were
small and had & nagligiblé effect on the strength of
the folding wing, The load on the outer panel of the
folding wing was much greater than the other ine
dividual louds, and to prevent any local failure at that
point, a 2=inch diameter steel pad with a rubber
washer was used to distribute that load.

TEST PROCEDURE

The loads were applied to the folding wing in
~ 10% increments of the temperature corxrected design
limit load. At selected levels, photographs of
the developing stress pattern were taken.
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TEST RESULTS

The folding wing, with only the aft locking pin
engaged, failed at 122% of the temperature corrected
design limit load ae the ocuter panel ruptured in the
area of the aft locking pin engagement. The values at
failure for the shear and bending moment at the root
of the folding wing were 2840 lbs. and 21,290 inrlbs.,
raespectively. Photographs of the failure are shown
on pages 1.3,7 and 1.3.8.

Photographs of the devaloping'stresa pattern

were taken at 30%, 50%, 70% and 100% of the tempera-
ture corrected design limit load. Those photographs
are shown on pages 1,3.9, 1.3.10, 1.3.1l1l and 1l.3,12,
respectively. Unfortunately, the photoelastic material
developed a crack at the ﬁighly stressed aft corner
after 50% design limit load had been attained. However,
the photographs ¢> show the general overall picture

of how the stresses developed throughout the inner
panel.
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TORSION BAR ENDURANCE AND RELAXATION TESTS

OBJECT

The object of these tests was to determine the
number of cycles the folding wing torsion bar could
sustain prior to failure when subjected to selected
torsional shear stress levels, and to determine 1f
any relaxation trends occur after repeated cycling.

CONCLUS ION

It can be concluded from the results of this
test that there are no significant relaxation trends
in the torsion bar, for the tarsional shear stress
levels attained during test.

DESCRIPTION OF TEST ARTICLES

The torsion bars, which are integral parts of
the folding wing assemblies, conformed to the Ref-
erence (b) drawing, The torsion bars are fabricated
from 1890 nickel maraging alloy steel, grade 350, and
are heat treated to RC 57-61l. A sketch of the torsion
bar is shown in Figure 7 on page l.4.5,

INS TRUMENTAT ION

Micro-measurements foil-type straln guges were
bonded to each torsion bar. Those strain gages were
wired to a Bristol punch-type strip chart strain
recorder, which was operated continuously during the
test, The 2ole purpose of the strain gages was .to
record when failure coccurred, where a condition of zero
strain indicated fallure. The number of cycles to cause

Form No. V-1028

I&. N




e ey G

a c T e b e

PR T

—
P
, .

ENGINEER LYmMsJRAYTHEON COMPANYVWNW | 2.2
MIBS.LE SYBTEMS DIVISBION REPORT NO. BR-6253 |
B Apxil 1972 | Struct. & Lnvir, Test Report  |"%*“N%ses sparrow

INSTRUMENTATION (continued)

failure of each torsion bar was then determined,
knowing the paper speed of the strip chart strain
recorder and the frequency of the applied loadas,

LOADING AND RECORDING APPARATUS

The loads were applied to four torsion baxs
simultaneously by means of a rack and pinion gear
arrangement, which are an integral part of the test
fixture., A hydraulic power supply was used to
activate a hydraulic actuator which in turn drove
the rack gear. The hydrauliec actuator was driven hy
servo valves which were controlled by means of an
nlectronic console, A Hewlett~Packard low frequency
generator was usad to obtain the desired frequency
and amplitude,

LOADS _

Tha torszion bhdra were subjected to selected maxw
imum torsional shear stress levels of approximately
120,000 psi, 140,000 psi, 160,000 psi and 180,000 psl.

y GE

A test fixture was designed and fabricated so
that four torsion bars could be tested simultaneously.
A photograph of the test arrangement is shown on page
l.4,.6,
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TEST ARRANGEMENT (continued) N

The loads were applied to one end of the four
torsion bars simultaneously by means of the rack
g_% ' and pinion gear arrangement. The other ends of the L
torsion bars were locked in place at specific pre-
set anglas, which are the differences between the 4
maximum outer wing panel rotation of 135 degrees and
the calculated angles required to attain the selected

o FABRA.

Perr e e 4 ATw

i : maximum torsional shear stress levels, The pre-.aet
i angles induced a selected negative stress so that

o when the test was conducted, the torsion bars were
% cycled between the selected negative stress levals
é (”; and the sclected maximum positive stress lavels,

The angles required to attain the selocted
maximum positive torsional shear stress levels were
calculated using the formulas shown in the enclosure ‘

fi _ 5 on page l.4.7. Also shown are the calculated torques
: .regquired to attain the maximum pouitive stress levels
+ and the pra-set angles.
" TESI_PROCADURE

é . Prior to testing, the torques required to twist
the torsion Lare to the specific angles requlred to
attain the selected stress levels wers measured
and recorded for each torsion bar. The torsion | e
bars were then lotkad 4in position at their

i e
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TEST PROCEDURE (continued)

specific pre-set anglea. The torsion bars were cycled
at the maximum outer wing panel rotation of 135 degrees
at a frequency of 0.1 cycles per second. At each
half=hour interval, until failure coccurred, the
endurance test was stdppad and the torquaa reguired
to twist the torsion bars to the specific angles re-
quiréd to attain the selected stress levels were
measured and recorded for each torsicn bar,

TEST RESULTS

Four torsion bars were tas.ad and a table of the
test results is shown on'pago l.4.7. Also, a S=N curve
of the maximum torsional shear stress vs. the number of
cycles to failure is shown on page 1.4,.8,

It should be notad that the torques required to
twist the torsion bars to the specific angles required
te attdin the selected stress levels, which were measured
and recorded prior to the test and at each half~hour
intersval, remained constant throughout the entire test,
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. INFLUENCE COEBFFICIENT STUDY L
:_@;
:.L..%,
B
" The object of this study was to obtain Load vs,

Daflection measurementa at various locations on the

:'% folding wing so that an influence coefficient matrix
4 could be generated.

: § DESGRIPTION OF TCST ARTICLE

i”?f The Folding Wing Assemnbly used for this study
ok conformed to the Reference (a) drawing. The inner
’%?' wing section of the assembly is a casting fabricated
i ,i% from AMS 4229 aluminum~alloy (KO=1) tempered to a T7
"?. W condition., The outer wing section of the assembly is

a casting fabrivated firom A336 aluminum-alloy tempered
to a T6 condition. J

Deflections of the test article were measured -
at the locations shown in the skaetch in Pigure B E

on page l.5.4. Ames dial indicators were used to
measure deflections,

LOADE

' A single LlOO=pound dead weight load was suspended
I : from each of the load locations shown in the sketch
in Pigure B8 on page 1l,0.4,

e W

@
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TEST ARRANGEMENT

The teat article was secured to a test fixture
which contained an actual AIM=7E missile wing shaft
agsenbly. That test fixture was mounted to a rigid
test bulkhead,

The test article was mounted with the chord
planes of the wing in the horizontal position. That
test arrangement simplified the setup for the instrue
mentation and the loading linkagas,

The influence coefficlents of the folding wing
were determined for a 35~point grid network as shown
in the sketch in FPigure 8 on page 1.5.4. Deflectionsm
at all the grid coordinates were measured and recorded
for all combinations ¢f a single load applied at one
location at a time,

To apply the load to the folding wing, steesl
wire cables (1/16 inch diametexr) with swaged bullw-
end f£ittings on one end were used, Those wire
cables were passed through small holes which were
drilled in the folding wing at the load and deflac-
tion pointa. A spharical ball ende=mill was used
to countersink one side of tha holes. Those holes
were small (No, 36 drill) and had a negligible
effect on the folding wing stiffness,

Deflections were measured by means of Ames
dial indicators which were secured to a rigid frame=
work, Small stranded stoel wires (,015 inch diameter)
were attached to those Aeflection indicators. The

— _1‘ - S Aj-:_H_A‘;"'_;'Aﬂ

-
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TEST ARRANGEMENT (continued)

¢ther ends of the steel wires were attached to short _
pleces of aluminumealloy tubing. Those plaeces of S
tubing straddled the bhall-and fittings of the loading
cables, and were bhonded direatly to the top surface
of the folding wing.

Photographs of the Leat arrangement are shown ; |
on pages 1,5.5 and 1.5.6.

TEST PROCEDURE

The following test procedure wae performed at
each of the 35 loading points to eliminate possible
errors from test fixture movement: A 1l00-pound dead
weight load was hung from a loading point and then
removed., After recording zero~load deflection
readings, the load was again applied and deflection
measurements at all points were recorded, The
load war then removed and the zero-load deflection
readings reaorded again prilor to the next load

application. N
IRST RESULTS
A matrix showing ths net deflections occurring
at all loading points, due to the application of
the l00-pound dead weigyht load, is shown on page i‘
155070 '
;%

hasid
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RANLOM VIBRATION TEST

OBJECT
The cbject of this teat was to datermine

the dynamic characteristics and the vibrational
stresz integrity of the folding wing assembly,

CONCLUS TON

It can be concluded fiom the results of this
teat that the folding wing assenbly can successfully:
withstand the random vibraticn environment specified
in thu Reference (6). doocument,

DESCRIPTION OF TEST ARTICLE

The Folding Wing Assenbly used for this test
conformed to the Reference (a) drawing. The inner

.. wing section of the assembly is a casting fabricated

from AMS 4229 aluminum-alloy (KO-l) tempered to a T7
condition, The outer wing sectlon of the assembly

is a casting fabricated from A356 aluminume-alloy tem-
pered to a T6 condition,

INS TRUMENTAT ION

Instrumentation for the test consisted of three
Endevoe minature accelerometers, one fixed to the
wing in the root area und used as the control acceleroc-
meter, one fixed to the wing in the tip area and one
fixed to the wing at the hiage line. The control
aacelorometar'output was plotted to show the egualized
white noise input spectrum and the dynamic character-
istice of the folding wing at the control location.
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INS TRUMENTATION (continued)

The two read-out accelerometer cutputs were plottad
to show the pownr spectral density response spectrums.
A tape recorder and an X~Y=-Y' recorder were used to
plot the data.

IEST FQUIPMENT
The following test equipment was used during
the test.
1 Ling Model A275~Vibrator
1l Ling Mndel 40/60 = Amplifier
1 MB Model T589 - 3K Hz Random Equalizer/Analyzer
3 MB Model N=400 -~ Zero Drive Signal Conditioning
Amplifiers
1 Endevco Model 2271 = Accelerometer (sontrol)
2 Endaveco Modsl 220C - Acceleromaters (readout)
3 Ballantine Model 300 - Voltmetars
1l Precision Instruments Model PS=207A -~ Taps Reuvcrder
1 Honeywell Modal 540 « XeYY' Recorder

IEST ARRANGEMENT
The folding wing was mounted to an operational
AIM~7E Hydraulie Control Section Shell in oxrder to
' include proper wing hydraulic restraints and any
wing=body coupling effects. The Hydraulic Control
Bection was hard mounted at two locations to a tast
fixture, which was secured to the vibrator,

Photographes of the test arrangements for the
random vibration tests along each nf the three prin-
cipal axes of the folding wing are shown on pages

24006, 2,0.7 and 2.0.8. To ensure stabllity of the
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TEST ARRANGEMENT (continued)

of the test support shell during test, an additional
uninstrumented folding wing was mounted to the
Hydraulic Control Section Shell directly opposite

to the instrumented folding wing for the transverse
and longitudinal random vibration testsa.

Random vibration tests were conducted along
each of the three principal axes of the folding wing
to the levels specified in the Reference (5) document,

ST P 19)

The folding wing, along each of its three
principal axes, was subjected to an egqualized white
noise wide band random vibration spectrum of 0.04 g </Hz
over the frequency bandwidth of 100 Hz to 1000 Hz with
a 6 db/octave roll off hetween 10 Hz to 100 Hz and
between 1000 Hz to 2000 Hz, The random vibration
was applied for a time duration of 5 minutes along
each of its three principal axes. The outpute
from the control accelerometer and the two read-out
accelerometers were tape recorded.

TEST RESULTS

The tape recordings from each random vibration
tests were played back through the Random Equalizer/
Analyzer and X-Y plots were made of the power spectral
density spectrum (g 2/Hz) input and response accelera-
tions by means of the X-Y-Y' recorder.

.Form No. V1028
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ZEST RESULTS (continued)

Those plots of the random vibration test in the
vertical direction are shown on pages 2.0.9, 2.0.10
and 2.Q.11. Those plots of the random vibration
test in the lateral direction are shown on pages 2.0.l2,
2.0,13, and 2,0.14. Those plots of the random vibra-
tion test in the longitudinal direction are shown on
page 2.0.15, and 2.0.16 and 2.0.17.

The data for all random vibration tests were
plotted on the seami-logarithmic graph paper recommended
for use with the X=Ye¥' recorder. The Y=-axis,
which is logarithmic represents the power spectral
density spectrum (g 2/Hz) and the X-axis represents
the frequency.

To better understand the freguency scale factor
it should be noted that the 3000 Hz Random Equalizer/
Analyzer contains eighty (80) filters which represent full
scala from O Hz tv3000 Hz on the X-axis. Those filters
are not identical and vary in band width from 12.5 Hz
(filters 1 to 16), 2% Hz (filters 17 to 32) and 50 Hz
(filters 33 to 80). Each filter represents 0.l inch on the
X-axis and to determine the frequency at a specific
location on the X-axis, that distance should be
physically measured and then the summation of the
frequencies of the specific filters within that
distance will determine the fregquency at that location,

A plot of the input at the folding wing root has
been superimposed on each of the reaponse plots so as
to obtain a clearer picture of the dynamic character-
istics at the hinge and tip area of the folding wing.
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~ TEST RESULTS (continued)

Visual inspections of the folding wing were made

ne visual damage was evident.

after each of the random vibration tests. In each casa

Form No, V-1028

—— _‘«_A.. -—— LA—.-)M

B ST - L D



ENOINEER 5 younis | RAYTHEQN COMPANY AN 5 4 ¢

MIBSILE SYSTEMS OIVISION PORT NO.

Sbrunt A En;;ﬂg Tant H.inl- JFOO;L NO.

RReG2.53
Sea Sparrow

RATARELN

1S5

3

=3 )
1 Ax

=i
1Ca

B e e A

EITTEPAN

on Test — Vert

rate

Random Vib




s (M
£ 2

g ENGINEER I RAYTHEON COMPANY [Aéto

MIBBILE BYSTEME DIVIBION

DATE
il 1972 | S8truct. & Envii. Test RAROLE

-
o Sl

-
FE AL

RET

S,

1

Voo




ey RS AT RS

4

?:

A

Ly

-

b oarsad

ey e nte A, e o

e

iz

e A d LY REPTE

SHRLRERE T

ENGINEER qu_jm AYTHEON COMPANY [PAEN.

MiBSILE BYSTEME OIVISION

DATE

B -\-} - N K- - S——

MODEL NO.

0.8
—B[=6253
Sea Sparrow

Random Vibration Test - Longitudinal AXis




(TR o s T2 T
T g [
-— — e, SIS ot <. S0 . S, A . SU. »
B H L H . H ! i M ! : : T

vias

.
-
ot H
H
- 3
=
P
..l-...
-1
i
- —_— — _ P S : H
. - -1 i} _. _iz Tz
[ - - -4 —_ . bl
: — — - —=" =
i ! ; < a3 io :
¢ = i

?.,w.wmm,w..w“........ IR msed e kel gl JESwEHE el T8N RALet L vee L R R it o T S T L NS Rg

-~ T, i : [ L mee - - NP




CIFIT = IILVES D

Lad D606 & £93

| =2 EY o9 o yor

K2 a7 o0F 0L O . _

(Zw/ SHFipsS [£- 7]
LTI IR 4G T -

STLI == C.\.W.'uﬁﬁ\

- - 4 — -
. — - et

Fﬁru&.?nﬂnnl L IO T LETE \%\EL ) aﬂ\. . ‘i!t...\. r aswa |

3 2. : S mes ~ 31 Sas ITiCc=Tm i
EFLD -V g yrmarpe i MBI E e - 3 37 i

T m.- AN aWOD NOSHLAVYE -

PRS- NI . £ 22 F KL LA

ey

Py

outi o R, s At e e i s € IR i ks 5o

o




—~—— 11. 1 Hﬂ‘ - e —_— u‘ - e et ST s ol ot

i
|
i

il

i

o .I«

ﬂlll|l.ﬂ|llll-1ﬁ||| R

—
!
|
b
|
+
bitie - o s fanme
r » .
L
T
1
AT A

l.”»u

L
‘ _|il:'|”
>

| S |+|IL1 _— e 1.:: -
”.l"lll. llwl —— e . - -... . 3 M |ru l”
A S T ST S = - £ d B P
o : X e ] e % 5 i H
3 Il . 1 - N 5 1 1 >
AN P = KL NS 5 [ S O Sy S i H
T os " av & o SIS firep U + S SERals S S S S w
_ ST ¥ |ovacoet - T T STt N IR EXT R 2
S o i* ) O ar o T ) h. ° .. T i - . n- Ty -8 m i -
- e - g - . R e S s o
2| e | soe. ) T ¢ 1T e I o & H-:
_ T wT2ry = Ao ot L S 3
— < — L 1 0 3=
SEE - S A i = F R
L s=g - - B
3 - |} : = Sz = 3 :
- H B . _ : : Tre = N
- KRS T D ST T
3 i ol _—— .MI —= - - lmql.b ) —_ h||
S U SN SR - " : = z
5 — - o L A - s =
[ B TTTT T N i T
. HE : 3 -t
: 1~- . - - _ N
I e e S - —3
ol - T , )
; I I NS E S
—_ . L —_ — i _ _ lw’.'h“l. L LS, e L Y -
; o ; | S : :
— - lll'l'l"lllllnll m - — X —— —
y — i - - .w:ln.l.]. I U - S - —_—
- | —— . .
f [ 1 - T R - S T
S LIS S ST R S N SINCILE ENSER SR
i oM P L LIUTY LSPL IUNT IS | TEES Vi 1 T
m . E5Z9 I om e § HOIS 1240 _s@rsshs nemshm JT T huw(.wt o
77 0% ~iswes | ANY4NOT - -ﬁ.glgﬂ i

g




cogr (THIASVIBEFLS

bk

it

Ui

[ RN ¥ SN DN LAY WA S 1
i ] -~ ~ + .
] 2uk e
[~ == ‘ ,
il o pbiote &5 iy plging. o -
=il S k) N 3 b=
- TN it i S
=TT i L
T SR S B
- e 2 e e
o Bt m i
Tofe 3 - 5
—F = === ¥ 3
= P 5 +
A

t
T AR "

g e Sy SRl s
(213 I DS [P S - I....l
s b - l‘ww \lllu.l I\A.i..l s P
u||Hﬂ~\ E =3 ullp‘.t l..|“,“.4 l.wl.... [~ Pehmame
[7. 7 = S-S SRR = I T o
Lol AR L. RO Wi, ~ A0 BRI Rt SUSENEEEL. T oL IR IS ERVE SRR Qi L6 Sk MLl SO EL - - - - s [
ol i == F el i - (ML
—% = oz
B TR P =y
¢ —_ - o
L — i
]

|

ESTIu® o sroerw

T TeYa

e . —




PARIATECES | 0| LAPSTS kh&m \\\.«.\N.Mgu_
—!! el b LN e

EFTO-IW cossrcozal 010 ..... S®3184% TooSTrat
gt 4

L s LS =7, T i
T PRI TS APTA T Wrr




~ o, 4
— ———— . = .~

Iy P2
(zvs R.w:u:&.\\u.\

oo

-4 \h \«Vhiﬁs rMILT
.ouqhbn w9

o5 ¥

Ees o/

298 @ 05T}

sz &

TR O

e SKZLTIS
_-bu\.xQ.\%ﬁ =0 oV
LS o

{z8/
ISty

AT YIS

T Loy 2574 J0ANT F A IAFLS | w@n\ .Bt.!

I MO iA{O €@ ILITAS = . “~ima

| THEET . ANSIWNGD zcuv-»cm [ Sppon L vimeos

! ., . s R . .
mE_ S ) b NimET, | A e silaba el gty R pEleiEl iggre




—— et
1
i

- :

T

[t

R QIR IVET R A

H
3
:
w.
{
-

A
LI S
o NI A

103 SRS 750, Saoom

- she s UJ.nn:l

5y &h«! PRGN

DI LAVEH |

F7 Y oqreval

uw FIRTeR xu

L

. hl..miung S L 5 02d 3 PARERYIr

o bR e i b e il ] et e
L ide b L

P et b s and o v e B B eI




ol

EMME TEST [ MEPRFT | 20060 N gy <anevy

v g me v ooy siogoaeges s
r T
! oo

'(
25

R -

L6253

~
P

ok e, 3

¥ -

) H o
b B
L 2
x.- : 5 i

misside simleles upvisiom

sAveer. £

T T HRAYYH

28e 0

g o
N

S TS SR

Itos

R

Tl Tl

g
[ LB
|

Hli
STREEE lllnlll I'| vl
P }_'F"‘_.___:. ) hy ‘}U 1 r
X i “ i
il “...ﬂ m M !‘

TR .ww I
Ht‘ 1 PHH i

it ”_f I" ‘, i—

(i - m |( ll

i;.‘ |$_ ’ , I{ jerr -
i Iln“' ‘, I l. byl

I ‘i il o

T ’lﬂ ST

f’“. AL Q il

i [=--, ]

;;". 1]' ‘,-" I“ lll] { | i
e bl ]"‘H‘ i '1 I "11111 i i l}J_[ "i’ 11
J ] T




X2 54 Zo9E B2

£r k4 CO9 at. SOT

S/ 2y ac £ 1

TZh SNILTT S 1
T rINE| o ar I2rey

FYEAY - FEw

e —

WIS LTS oo | SIPSTY L5TL FHAND J LIMVLE |
| ESTS-Y8 on e j NO2S1440 < . Basa ! v
4rTE . ANTVANOD NOIARLAVE 1 submez oo e

AE Bviscqw !

[ T A b T X TR EEERTECE o (T U S ) ,rnsp..s.......er. B IR RPN TS B WA SR



ENGNEER 5. vounis | RAYTHEON COM PANYI”“W- 3,0.0
R

MIBBILE SYSTEMS ODIVIBION BR=6253

April 1972 Struct. & Envir., Test Report JfODELNQ Sea Sparrow

DATE

i%

TTTRER

SECTION 3
ENVIRONMENTAL TESTS

Form No, V-1028 1




ey

SECTION 3.1

SHIPBOARD STORAGE ENVIRONMENT TEST

ENGINEER 7 younia | RAYTHEON COMPANY [POEN. 5 ) o ]
MISSBILE SYBTEMS DIVISION ' BR=67 33
k
DATE April 1972 Struct. & Envir. Test Report [MOOELNO soi gparrow] |
|
q

Form No, V-1028




J R

ENGINEER . IRAYTHEON COMPANY [REW

-
MIBBILE SYSTEMS CIVISION : - e I
~0253 '

-

BR
: PATE il 1972 Str . —_[NOBEL NG ‘J

i SHIPBOARD STORAGE ENVIRONMENT TEST J

OBJECT

The object of this test was to evaluate the
effects of exposure on the folding wing assembly ¥
after it had been subjected to a shipboard storage
environment for a 6=-month period. The primary
interest was in the interaction of high stress and
environment on the torsion bar.

=TT T

CONCLUS ICON

It can be cvoncluded from the results of this

’ test that the 6-month shiphoard storage environment
( : had no visible effects on che components or the

' deployment capability of the folding wing.

DESCRIPTION OF TEST ARTICLES

Four Folding Wing Assemblies were used for this
test., Those folding wings conformed to the Befar
ence (a) drawing. The inner wing section of an
assembly is a casting fabricated from AMS 4229
aluminum~alloy (KO-1l) tempered to a T7 condition. X
F The outer wing section of an assembly ie a casting
{ fabricated from A356 aluminumealloy tempered to a T6
condition.

The torsion bar, which is an integral part of
a folding wing assembly, conformed to the Reference
b (v) drawing. The torsion bar was fabricated from
1890 nickel maraging alloy steal, grade 350, and was
heat treated to RC 57«61, '

Al
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INS TRUMENTAT ION

No instrumentation was required for the ship-
board storage environment test.

ZEST ARRANGEMENT

A complete dummy AIM=7E missile, equipped
with the four folding wing assenblies, was stored in
a modified MK 128 Mod 0 launch cell, That launch
call was modified so that the four folding wings
were restrained in the folded positiocn. The mounting
geometry was similar to that for the NSSMS GMLS
Launcher,

The shipboard environment for the test was pro-
vided by the USS Norteon Sound (AVM-~1l), The installa~
tion of the dummy missile in the modified launch cell
was parformed at the Naval Missile Systems Engineeriny
Station at Port Hueneme, California. The test was
conducted for a period of 6 months during the nourmal
operations of the AVM=~l, commencing on the date of
installation of the dummy missile in the modified MK
128 Mod 0 launch cell.

ZEST_PROCEDURE

At the completion of the 6~month shipboard storage
period, the Hydraulie Control Section Shell, with the
four Folding Wings restrained in the £clded position,
was disassembled from the dummy misalle, crated and
shipped to Raytheon Company, Bedford, Massachusetts,

Form No. V«1028
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TEST PROCEDURE (continued)

Each folding wing was deployed on the test aled
at velocity levels simulating the actual launch condi~
tions. The wing deployment times were monitorsd elec-
tronically. A complete descrlption of the aled tests
is givan in Section 3.5 of this report.

At the completion of the sled tests, the folding
wings were clisassenmbled, and each component inspected
for adverse environmental effects.

EST h

The four folding wings deployed and locked succ-
essfully on the test sled, A complete table of the
sled test results is presented in Section 3,5 of this
report.

Also, a visual inspection of esach component of
the four folding wings showed no adverse environmental
effecta,
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TEMPERATURE-HUMIDITY TEST
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TEMPERATURE-HUMTTITY TEST

OBJECT

The obhject of thie test was to determine if
the folding wing assembly could be deployed and
locked successfully after baing subjected to the
temperatura~humidity environment specified for a
period of 96 hours,

CONCLUS ION

It can be concluded from the results of this
tast that the folding wing assembly can be succ-
essfully deployed and locked after sustalning the
temperature~humidity environment specified for a
period of 96 hours.

DESC ION OF TEST A E

Tha Folding Wing Assembly used for this test
conformed to the Reference (a) drawing. The inner
wing section of the assenbly is a casting fabricated
from AMS 4229 aluminum=-alloy (KO=1l) tempered to a
77 condition. The outer wing section of the assembly
is a casting fabricated from A356 aluminum=alloy
tempered to a T6é condition,

NG TRUMENTATION
No instrumentation was required for the temp~
srature-humnidity test,

E U

A model 64 83TR=100200 (Tenney Enginesring, Inc.)
High and Low Temperature and Humidity Chamber was
used for this teat. Accessories to control the

Struct, & Envir, Test Report FWﬂutTmrSea Sparrow '

Form No. V=-1028




b

ENGINEER

i I, Younis | RAYTHEON COMPANY [REN
MiBBILE BYSTEMS CIVIBION ' BR=62 53-“

DATE

( °  |p~——Aokil 1972 | g§tzugt. & Bovir, Jest Report  MOF-NO gen sparrow

TEST EQUIPMENT (continued)

temperature and humidity are part of the chanber,
also, The temperature range of the chamber is
-75° to +350°F, The huiidity range of the chamber
is 20% to 95%.

TEST ENVIRONMENT

The folding wing assembly was subjected to a
temperature-humidity test for a period of 96 hours
in accordance with the Reference (6) document
with the following meodification: The low temp-
erature of the temperature cycle was ~65°F, The
folding wing assembly was cycled between the
tamperature axtremes of +160°F to -65°F, fThe
relative humidity control was set for 95% at the
high temperature level and was not controlled for
the low temperature level,

IEST ARRANGEMENT

The folding wing assembly was secured to a
teat fixture whilch contained an actual AIM=7E missile
wing shaft assembly. A linkage arm was attached
to the test fixture in such a manner that it could
be positioned to restrain the folding wing in the
folded position. A piece of inylen cord was attached
to the linkage arm so that the folding wing could
readily be deployed without removing the test setup
from the chanber, A photograph of the test arrangement
is shown on page 3.2.4.
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ko : LEST PROCEDURE

The folding wing assenbly test setup was posi-
tioned in the test chamber so that the wing deploy-
ment could bé,tented without having to reposition
the test setup.

. The chamber temperature was increased graduslly
£rom ambiént to l60°F, and the relative humidity
control was set for 95%. 'This condition was main-
L tained for a period cf 16 hours. Then, the chamber
B temperature was lowered gradually to -65°F, and the
relative humidity was not controlled. This condi-
G tion was maintained for a period of 16 hours, also.
’ ' Three complete cycles of the above two test condi-

( i tions were conducted in order to complete this phase
i of the test,

SR ‘At the completion of the three cycles the chamber
e was returned gradually to 160°F, and the folding wing
g was tested within the chamber for satisfactory wing
deployment and panel locking. Then, the chamber was
returned gradually to ambient temperature, the folding
wing was reset in the folded poeition and deployed
P : again. The folding wing was reset in the folded posi-
- tion again and the chamber temperature was lowered
gradually to 30°%. The folding wing was deployed for
the third time to complete this test,

JEST _RESULIS

The folding wing assembly dnployed and lockad
) - .successfully each time it war checked during the
' ' test, and at tha completion of the test.
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- SALT SPRAY TEST

BJECT.

The object of this test was to determine if the ' 4
folding wing assembly could be deployed and locked
successfully after being subjected to the salt spray 1
environment specified for a period of 48 hours,

CONCLUS ITON : [

It can be concluded from the results of this
test that the folding wing assembly can be successfully
deployed and locked after sustaining the salt spray
’ : environment specified for a period of 48 hours.

(wé DESCRIPTION OF TEST ARTICLE

s oW T

———————w ey
i

The Folding Wing Assembly used for this test
conformed to the Reference (a) drawing, and is the

same folding wing that had sustained the temperature-
humidity environment.,

o NS TRUMENTAT ION 4
' No instrumentation was required for the salt
k spray test,

p el o am

p : TES 14 N

A Model 38~3-8 (Associated Testing Laboratory, 4
Inc.) Salt Fog Chamber was used for this test,
N Accessories to control temperature and percentage of
oo salt solution are part of the chamber, also.

Ql -
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b, TEST ENVIRONMENT

The folding wing assembly was subjected to a
salt spray environment for a period of 48 hours, .
with the test chamber tamperatureée set at 95°F and
the salt solution set at 5%, as specified in the
Reference (7) document.

v e T e T
“..—J‘ .

TEST ARRANGEMENT

X Due to ths physical limitations of the Salt
Fog Chanmber, the folding wing could not be secured
within a mock=up launcher cell section as specified
g in the Reference (2) document. Therefore, the
"' folding wing assembly was secured to a test fixture
( i which contained an actual AIM=7E missile wing shaft
- asgembly. A linkage arm was attached to the test
fixture in such a manner that it could be positioned
to restrain the folding wing in the folded position, 1
A pliece of nylon cord was attached to the linkage arm
80 that the folding wing could readily be deployed '
without removing the test setup from the chamber.
That test arrangement was more severe than that
Y specified in the Rieference (2) document, since the
folding wing was directly exposed to the salt spray : ‘
3 stream. A photograph of the test arrangement is !
4 shown on page 3.3.4. '

ZIEST PROCEDURE ¢

}? The folding wing assenmbly test setup was posi= '

! tioned in the test chanber sc that the wing deploy~
merit could be tested without having to remove the ‘
(“\ test setup from the chanber.

RN S
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- *
N TEST PROCEDURE ( (¢ontinued)
L
The chamber controls were set to maintuin an
i ' internal chanber temperature of 95°F and a 5% salt
\ sclution. 7Those test conditions were naintained for 4
; a period of 48 hours. 4
) ' At the completion of the test, the folding wing \
' was tested for satisfactory wing deployment and panel
"~ locking.
! TEST RESULTS !
_ The folding wing assembly deployed and locked
’ § successfully at the completion of the test,
e i
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SAND AND D ST

OBJECT

The object of this test wus to determine ILf
the folding wing assembly could be deployed and locked
successfuily after being subjected to the sand and
dust environn.ent specified for a pericd of 4 hours.

CONCLUS ION

It can be concluded from tha results of this
test thmt the folding wing assembly c¢an be success=-
fully deployed and locked after sustaining the sand
and dust environment spacified for a period of 4 hours.

DESCRIPTION OF TEST ARTICLE

'‘he Folding Wing Assembly used for this test
conformed to the Reference (a) drawing, and is
the same folding wing that had sustained the tempera-
ture~humidity and the salt spray environments,

INSTRUMENTAT ION

No instrumentation was required for the sand and
dust: test,

EST EQUIPMEN

A Model 375 (Nucledyne Company) Sand and Dust
Chanber was used for this test. Accessories to
control the dust (fine sand) concentration, velocity,
temperatuxe and humidity of the dust laden air are
part of the chamber, also,
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| TEST ENVIRONMENT

The folding wing assembly was subjected to the
sand and dust environment for a period of 4 hours in
accordance with tha Reference (6) document.

The teat was conducted with the chamber controls
set to maintain a chamber temperature of 73°F and
a relative humidity of less than 22%.

* ey T w s w—— -

TEST ARRANGEMENT

The folding wing assembly was secured to a tesat l
, fixture which contained an actual AIM=7E missile wing
’ : shaft assembly. That configuration was contained

, within a mock-up of a section of the launcher cell.
( : The test fixture was mounted on a platform which had
the capability of sliding in and out of the mock-up
launcher cell section, which was open at both ends.
The folding wing was restrained in the folded position
in the launcher cell section by means of a simulated
launcher rail section.

TEST PROCEDURE

k The complete test setup configuration was posi-
tioned in the test chamber so that the open ends of l
mock~up launcher cell section were not directly ex-
b posed to the dust stream. i

The chamber controls were set to maintain an
internal chamber temperature of 73°F and a rela-
tive humidity of less than 22%. The air velocity
was adjusted to 500 + 200 feet per minute. The dust
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TEST PROCEDURE (continued) !

feeder was adjusted to control the dust concentration
) at 0.3 + 0.2 grams per cubic foot. Those test
conditiona wers maintained for a period of 4 hours,

P T -

; ; _ At the completion of the test, the folding wing
i was tested for satisfactory wing deployment and

: panel lecking by sliding the test fixture cut of

the cell until the wing was no langer restrained by

the simulated launcher rail saction,

} TEST RESULTS

The folding wing asserbly deployed and locked
( successfully at the completion ¢of the test. |
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SECTION 3,5 |
IGNITION IMPULSE TESTS '
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Y IGNITION IMPULSE TESTS

OBJECT

The objects of these tests were to determine if
the folding wing assemblies, after exposure to several
environmental conditions, could be deployed and locked
successfully when accelerated down the test track during
ignition impulse tests, and to determine if there was
any degradation in folding wing deployment.

L™ cnsnt e sl e

CONCLUSION
It can bhe concluded from the results of these tests
’ that the folding wing assemblies can deploy and lock

successfully and are not appreciably degraded, after
being exposed to the environmental conditions contained
in this report.

4 L)

DESCRIPTION OF TEST ARTICLES '. {

$ix Folding Wing Assemblies were used for this test,
Thosc folding wings conformed to the Reference (a)
drawing. Four of the folding wings were previously
subjected to the Shipboard Storage Environment, and
F one of the folding wings was previously subjected to
} the Temperature-Humidity, Salt Spray, and Sand and Dust
Environmental Teste, The sixth folding wing was not ex-
posed to any environmental test conditions,

1 N N
;' The pre-lcad required for the acceleration device
to simulate the miseile launch velocity, was measured

and recorded with a Baldwin-Lima-Hamilton electric load !
('} cell and load recorder combination,

-
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INS TRUMENTATION (continued)

Photo~olectric cells, positioned at selected
stations along the track, were usaed to measure

the time required for the felding wing to fully
‘deploy. An sléstronic digital counter was uned

to measure the deployment time.-

TEST EQUIPMENT

An accelération test track, to simulate miguwile
lsunch velocity, was used for this test. The test
track is 30 feet long And contains a carriago that
can slide along the track,

TEST ARRANGEMENT
Toe folding wing was conventionally attached
to an AIM-7E actuator shaft which was contained

~within a segment machined from a missile hub

block., That hub block was mounted to the carriage
which could slide along the 30-foot track.,

The folding wing test setup was accelerated
along the track by means of a 3/4-inch diameter
bungee cord pre-loaded to produce a velocity pro-
£ile similar to the actual miesile launch velocity.
The transient thrust at ignitiocn of the AIM-7E
rocket motor which causes a high intensity, low
duration inpulse to the missile, was simulated by
means of two compression springs which were com=

 pressed when the test setup was initially posi-

tioned prior to temt, Upon release of the test

satup, the compression springs subjected the folding

wing to a longitudinal aft to forward shock of no
less than a 30 g peak for a minimum duration of
2 milliseconds.
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o "TEST ARRANGEMENT (continued)

' , . . o As the test setup traveled along the track,
S . it uncoiled a .2l~foot nylon rope, which when it
became taut, decelerated the sled.ﬁiz'nﬁ sl o

An. aluminum tube’ guidh rail’ dimonsionaldy | iy

simulating the 1ocation ‘of the missile launch ' g

S - " cell rail, ‘was mounted: adjacent to the track 7
0177 agminst which. the folded vuter wing panal was l

reatrained. The guide rail could be mounted on

either side of the track, depending on whether

the folding wing being tested deployed to the

laft or to the right, The folding wing when

_releasad would initiate deployment as the trail-

ing sdge of the outer wing panel cleared the end of the
aluminum tube yuide rail,

|

|
. : ]

A photegraph of the teat arrangement is ‘ |

shown ‘on page 3,8.6. 'The photograph, however, : L 1
,doém-not“show the. final positioning of the photo-
electric cells used to obtain the wing deploy-
rnent time., In actuality, one photo~electric cell
was positioned at the end of the guide rail, so
that the folding wing would break the beam, and
b o activate the electronic digital counter, as it
' ctarted to deploy. Another photo-electric cell
was positioned down the track so that the tip of
the folding wing, when locked in position, would 4
L o break the beam and de-activate the digital counter. |
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- ‘ TESY _PROCEDURE

The folding wing test setup, with the wing
. restrained in the folded position by the guide

rail was pinned to the track at the initial start-
ing position. . The bungee cord was stretched until »
the desired pre-=load of 450 pounds wus attained.
The pin securing the sled to the track was thaen
released allowing the folding wing test setup
to accelerate along the track. The maximum time
of travel required for the wing to fully deploy ;
was measured and recorded.

IEST RESULIS

(~1 B A total of six folding wingm were accelerated
" down the test track, Four of the wings were pre-
‘viously subjected to the Shipboard Storage Envir-
R onment and had been kept restrained in the folded

g -~ position, One of the wings was previously subjected
to the Tomperature-HumidiEy. Salt 8pray, and 8Sand and
Dust Environmental Tests. The sixth folding wing
had not been exposed to any environmental test
conditions and was tested so as to obtain a com=-
parison of the time required to deploy the wings.
b ' The rasults of the test are as follows:
S Folding Wing mt Time to Deploy

) 1 65.21 milliseconds p
- . Shipboard 2. . . 66,46 milliseconds
b Storage 3 64.48 milliseconds .
. o 4 65.38 milliseconds
TwH, 858, 8&D —v——mw—el 63.10 milliseconds

New —_— 62,50 milliseconds
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. TEST RESULTS (continued)

| The tests were conducted as the folding wings bhecame
| available, therefore, the spread in deployment times can
} . be partially attributed to the tolerances in reposi- ,
i g ' ~ tioning the photov-electric cells, Also, an additional K
y ' reason for the spread in deployment times can be \
F ‘ attributed to the tolerances when applying the 450- ‘1
pound prae~locad,

At the completion of the tests, folding wings
1l to 5 ware disassembled, and each component was

. visually inspected. No adverse environmental effects
’E were evident.
|
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P INTRODUCTION
‘ f
L ¢ The Reference (a) folding wing assembly, which

contains the Reference (b) torsion bar, successfully
withstood the structural and environmental testing
program reported herein, However, the results of the
wing deployment wind tunnel tests was intended to pro-

f
)
\
;_ _ f vide the basis for the final selection of the torsion
bar dimensions.

3

w1 s et diarg Tt 2

To satisfy the 70 knot wind tunnel test condi-
tion, it was found that a larger diameter torsion
3 i bar was needed. A larger diameter torsion bar will
’ o experience a highor torsional shear atress when the
( folding wing is restrained in the folded position
in the launch cell, S8ince long term storage under
stress in a shipboard environment is a normal opera-
tional reguirement of the folding wing, additional
; % environmental tests were performed.

i Those envircnmental tests which are pertinent

to the torsion bar and are reguired for the folding

} wing qualification are the six-month shipboard storage
i environment test, the salt spray environment test,

| . the temperature~humidity environment test and the
torsion bar endurance test.

The following environmental tests were performed
o on three folding wing assemblies, each of which contained
b ; a torsion bar of a differant diameter,
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N INTRODUCTION (continued)

; . Direct salt spray environmental tests were con-

ductad on threa unprotected folding wings similar to

the salt spray test in Section 3,3 of this report,

) and then followed by temperature~humidity environmental

X tests using the same folding wings, The folding wings

; were kept restrained in the folded positicn at all times,

} The tests were conducted without cleaning the folding

L wings of any foreign matter that had accumulated. At

l the completion of the tests, the folding wings were stored
L for one month in an uncontrolled ambient environment,

’ t The folding wings were not cleaned and were kept redtrained

i ( in the folded position throughout the one-menth storage

[ period, Thut sequence of testing was salected to cause

’ the highest probability of salt solution contamination

l of the torsion bars, At the completion of tha one-

: month storage peried, the folding wings were tested for

wing deployment and locking on the acceleration test
track. :

D o R LA

L i In addition, the endurance capability of the final tor-
‘ sion bar configuration ‘was determined 'by conducting a tore
sion bar endurance test. .

It should be noted that the folding wing assenbly,
containing tho £inal torsion bar configuration, will be
subjected to a shipboard storage environment for a 6. ¥
month period in the near future during the NATO Missile
System Operational Tast and Evaluation Program, |

R S A 2 e .
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| ENVIRONMENTAL TESTS

OBJECT

L L e = — ]
b The object of these tests was to determine if

{

\
the three modified folding wing amsemblies, with the “f
three candidate torsion bars, after being exposed to 'ﬁ

direct salt spray and temperature~humidi’y environmenty
could be deployed and locked successfully when acceler:ted
down the tast track during ignition impulse tests,

CoNCLUS ON

It can be concluded 'from the results of these |
tests that the three modified folding wing assemblies,
( with the three candidate torsion bhars, will deploy and {
lock successfully after being exposed to direct salt \
i spray and temperature-humidity environments, ‘
DESGRIPTION OF TEST ARTICLES | !

The three folding wing Assemblies used for these
i tests are similar to the Referaonce (a) Folding Wing
; Assenkly except that each assembly contained a differ-
ent size torsion bar. The pwference (b) torsion bar has
& 0.180 inch diametex, whereaas the three candidate torsion
bars have 0.190 inch, 0,200 inch and 0,210 inch diameters.
Almno, the individual wing components (hinge tube and end

fittings) that interface with the Raference (b) torsion
bar were modified to insure compatibility. ¢

- e = > T T T TTTTY o T
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INS TRUMENTATION

No instrumentation wao required for the direct
salt spray and temperature~humidity tests.

- oW

‘.
siotiy AERRRELIS

.-

For the ignition impulse tests, the pre-lcad .
required for the acceleration device was measured “3

il

and recorded with a Baldwin=Lima-Hamilton electiic
load cell and load recorder combination.

TEST EQUIPMENT

The test equipment used for the direct salt
spray, the temperature=humidity and the ignition
’_% impulse tests are the samo as for the previous tests
T
|

T T T

= T

ISP

- and aro ldentified in Sections 3.3, 3.2 and 3.5.
( TEET A EMEN

The test arrangements are the same as for

the previous tests and are explained in detail in
Sections 3.3, 3.2 and 3,5,

e i medie . ae

»

test arrangements was that neo nylon cords were attached {
to the linkage arms restraining the wings in the folded
position, and no photo~elactric cells were used for the
ignition impulse tests,

{
ZFESI_PROGEDURE
The direct salt spray environmental tests were con- ‘
ducted first. The temt procedure was the same as the ¢
oo praevious salt spray environmental test except that

the folding wings were kept restrained in the folded
position and not tested for satisfactory winy deployment, '

-

¥
[
&
%
”% The exceptions to the wimilarities of the
]
§
&
i

1
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"TEST PROCEDURE (continued)

§; At the completion of the salt spray environmental
.'gf teats, the temparature-humidity environmental tests
, E were conducted. The test procadure was the same as
_ng the previous temperature~humidity environmental test
) & except that again, the folding wingas were kept ree
: i‘ strained in the folded position and not tested for

satisfactory wing deployment,

At the completion of the temperature~humidity
environmental teats, the folding wingm, still restrained
S in the folded pasition and still contaminated by foreign
' 5 matter from both environmental tests, were stored for
one month in an uncontrolled room ambient environment.

£

At the completion of the one-month storage period,
the folding wings, still restrained in the folded
position and still contamiriated, . were set up and
accalerated down the test track, Tho test procedure
was the same as the previous ignitian impulse tests
except that no photo~electric cells were used to ob-
tain the deployment time,

: :ﬁz:a&@iﬂr-ﬁﬁﬁf“??ﬁf‘ S e el TEEERTRe e

il Photographs of one of the folding wings atter the
£ completion of the one-month storage period and prior to
% deployment are shown on pages A.2.4, A.3.5 and A.2.6.
% The three modified folding wings, with the three
candidate torsion bars, which wera still contamihated

| 7 from the praevious environmental tests, deployed and
» locked successfully when accelerated down the test track.
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* .




| :
[ehoneER o nia |RAYTHEON COMPANY AW L
L. MISSILE 87YSTEMS DIVIBION R NO. BR=-6253
- GATE ) _ MOGEL NO. :
,‘: April 19722 Struct. L EBouir, Test Beport SEea LRLALLow
4‘.

TEST _RESULTS (continued)

At the completion of the final test, the folding
wings were disassembled and each component was visually
inspected. A photograph of one of the disassembled

f:fi _ folding wings showing all the disassembled components
;fiﬁ ' is shown on page A,2,7. There was avidence of contami-
X % nation on some of the components and on the inner and
S outer wing panels that had been directly exposed to
B the test environments, however, the three candidate
: torsion bars and hinge tubes showed no visual indica~-
; tions of adverse environmental effects.

gy el M S
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TORSION BAR ENDURANCE TEST

OBJEC

" The object of this test was to determine the
number of cycles the modified folding wing, with
the final (0.230 diametar) torsion bar, could sus-
tain prior to failure of the torsion bar, when
subjected to a fluctuating torsional shear stress
which the torsion bar would experience whan the
folding wing is restrained within the launch cell,

CONCLUSTON

It can be concluded from the results of this
test that the f£inal torsion bar can sustain in ex=-
cess of 600,000. cycles withgut failure, when sub=
jacted to the fluctuating torsional shear stress
that the folding wing would experience when restrained
within the launch cell. ‘

DESCRIPTION OF THST ARTICLE

The Folding Wing Assembly used for this test
conformed to the Reference (¢) drawing. The toxsion
bar, which is an integral part of the folding wing
assanmbly, conformed to the Resference (d) drawing and
is shown in Figure 9 on page A.3.3.

. The only diffcrances between the References (c)

thdpiﬁj'Edie'uréidiol'ind‘tho previous References

(a) and (b) test articles are that the Reference (d)
torsion bar has a larger diameter (0,230 inch vs.

0.180 inch), and the individual wing components that
interface with the Mference (b) torsion bar were modi=-
fied to be compatible with the Mference (d) torsion bar.

, a
R _.s__..fd
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ﬁ; S TR TION

= No instrumentation was required for the torsion

25

bar endurance test,
ZBST BQUIPMENT

An adjustable speed motor driven mechanical
vibrator was used for this taest,

LOADS,

Due to shipboard motion, the missile will rotate
within the tolerance extremas of the missile to launch
rail interface, resulting in a fluctuating torasional
shear stress in the torsion bar,

SEEE | 1R

a1

A5

e mepshag s i

A 10 degree rotation of the cuter wing panel
was selected as the test condition. That repreasents
a oonsexrvative lateral translation of the missile
within the launch cell. The fluctuating torsional
shear stress component was nuhorimponod on the nominal
steady state torsional shear stress in the torsion bar
by cycling the folding wing between 125 degrees and
135 degrees, where 135 degrees 1s the maximum outer
wing panel rotation.

T T T T e e e oo e
s o
g TR T

The modified folding wing assembly was secured to
a test fixture which contained an actual AIM-7E missile
wing shaft assenrdly. That test f£ixture was secured to
a rigid teat fixture in such a manner that the outer
wing panel would be in a horisontal position when ro-
tated 130 degrees, A photograph of the test arrangement
is shown on page A.3.4, and as can bs noted the outer
wing panel was restrained by a clamp and turnbuckle
arzangement which waw attached to the mechanical vibrator.
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; '% The mechanical vibrator was adjusted so that the
bk outer wing panel would be cycled + 5 degrees from the
fq;ﬁ% horizontal position of 130 degrees,
; ? The folding wing was cycled at a frequency of
; E 2.6 cycles per second, the slowest capability of the
i § mechanical vibrator, as compared to the shipboard
\ i vibration environment of 6 to 9 c¢ycles per minute,
| :
P 3 At each half~hour interval, the endurance test
i 3 was stopped and the folding wing checked for failure
’ * of the torsion bar.
A T T ULT
) Y S '
: £ € After 617,760 cycles had been completed, with |

the final torsion bar still functioning satisfactorily,
the test was stopped.
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